2-Nitro-1,3-di(pyridin-2-yl)propane-1,3-diols 4a, 4b are prepared via nitroaldol (Henry) reaction in two separate steps by straightforward procedures. The employment of two solids as catalysts, namely the hydrotalcite Syntal 696 R and the ion exchange resin Amberlyst A21 R allows a simple work-up and leads to the diastereoselective formation of the (R,R)-and (S,S)-isomers. The solid-state structures of 4a, 4b as well as of their precursor compounds 3a and 3b were determined. Reaction of 4a with zinc chloride yields a mononuclear zinc chloride complex. To circumvent retro-reactions, trialkylsilyl protective groups are deployed.
Introduction
The demand for custom-tailored metal complexes for example for catalysis or as enzyme-model compounds is a challenge for organic chemists, since this is synonym with the need for custom-tailored ligands [1] . This is particularly important for the development of ligands for homo-and heterodimetallic complexes serving as functional or structural mimics of enzymes. Examples are metallo-β -lactamase [Zn(II), Zn(II)], bovine lens leucine amino peptidase [Zn(II), Zn(II)], alkaline phosphatase [Zn(II), Zn(II)], kidney bean purple acid phosphatase [Zn(II), Fe(III)] or DNA polymerase I [Zn(II), Mg(II)] [2, 3] . Reported mimics are based on phenolate, phthalazine or pyrazolyl linkers as well as cryptands and calix [4] arenes [3 -7] . However, most of the used ligands lack the possibility to easily alter the backbone in order to affect the metal-metal distance. Furthermore, often symmetrical ligands are used, even for heterodinuclear complexes, whose syntheses then require elaborate separation procedures. The latter problem was addressed by Roth and coworkers who developed a pathway for the preparation of unsymmetrical ligands for heterodimetallic complexes [8 -10] . It is our aim to develop a ligand 0932-0776 / 11 / 0600-0611 $ 06.00 c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com preparation pathway which allows the facile and flexible alteration of the ligand backbone. The pathway should allow the introduction of nitrogen and oxygen donor atoms and to facilitate the synthesis of unsymmetrical ligands in order to obtain heterodinuclear complexes. Herein we present the first steps of this ligand preparation pathway. Attention was paid to the structural and spectroscopic investigation of the compounds in order to obtain data for the rational design of metal complexes.
The well-established nitroaldol (Henry) reaction is a possible approach for the construction of ligands [11] . This C-C coupling reaction affords 2-nitroalcohols and represents a valuable access to ligands with nitrogen and oxygen donor sites. For the design of unsymmetrical compounds the reaction conditions should allow sequential C-C coupling steps in order to avoid symmetrical by-products which then have to be separated. Two reported solids seem to be useful catalysts: The Mg-Al-hydrotalcite Syntal 696 R which is a colorless non-toxic powder, and the weakly basic anion exchange resin Amberlyst A21 R [12, 13] . With these solids the nitroaldol reactions were sequentially carried out at ambient temperature and with moderate to excellent yields. Additionally the solid catalysts enable re-actions without acidic work-up and offer a simple catalyst removal procedure. The synthesis of a highly substituted C(sp 3 )-C(sp 3 ) backbone leads to the formation of diastereomers. However, only one diastereomer might be desired for the design of metal complexes, and hence the diastereoselectivity of the ligand preparation pathway was examined. The first part of this work dealt with the development of a modular preparation pathway of 2-nitro-1,3-di(pyridin-2-yl)propane-1,3-diols 4a and 4b, while the second part was concerned with finding a suitable protection strategy for the hydroxyl moieties in view of further transformations of the nitro group.
Results and Discussion
The reaction of pyridine-2-carbaldehyde (1) in nitromethane (2a) in the presence of Syntal 696 R described by Cwik and coworkers led to the complete conversion of the aldehyde and to the formation of 2-nitro-1-(pyridin-2-yl)ethanol (3a) within five hours at r. t. (Scheme 1) [12, 14, 15] . We used Amberlyst A21 R to catalyze the same reaction with comparable yields within only two hours at r. t.
Compound 3a can be stored at r. t. under aerobic conditions. Within two weeks the solid turned brown but NMR investigations showed no decomposition products. The filtrate (after crystallization) turned violet within hours. However, dehydration to the nitroalkene was not observed which is in agreement with literature reports [12, 16] . Due to the chiral carbon atom the adjacent methylene protons are diastereotopic, hence showing an ABX spin system in the proton NMR spectrum. The geminal coupling constant is 2 J(H A , H B ) = 13.2 Hz, the vicinal coupling constants are 3 J(H A , H X ) = 4.0 Hz and 3 J(H B , H X ) = 8.4 Hz. Scheme 1. Nitroaldol reaction of pyridine-2-carbaldehyde (1) with nitromethane (2a) and nitroethane (2b). Fig. 1 . Molecular structure and numbering scheme of 3a. The ellipsoids represent a probability of 40 % , H atoms are drawn with arbitrary radii. Selected bond lengths (pm) and angles (deg): O1-C6 140.9(2), C6-C7 152.5(2), C5-C6 152.0(2), C6-H6 101.6(17), C7-N2 149.4(2); O1-C6-C5 111.60 (14) , C5-C6-C7 108.56 (14) , N2-C7-C6 108.34 (14) .
The β -nitroalcohol 3a crystallized in the chiral space group P2 1 2 1 2 1 , even though a measurement of the optical rotation of the product had revealed the racemic nature of 3a as expected. With the applied MoK α radiation the determination of the absolute configuration was not possible (Fig. 1) . Hydrogen bonds between the OH moiety and the pyridyl nitrogen atom lead to an arrangement of the molecules on a 2-fold screw axis. These interactions are rather strong leading to an O1···N1 distance of 272 pm (" " is used to label atoms of adjacent molecules). All bond lengths and angles are within the expected range [17] .
Cwik and coworkers reported also the reaction between nitroethane (2b) and 1 in THF in the presence of Syntal 696 R at 60 • C. The synthesis furnished 2-nitro-1-(pyridin-2-yl)propan-1-ol (3b) with excellent yield and a diastereomeric excess of the erythro isomer of de = 30 % [12] . We reacted pyridine-2-carbaldehyde (1) in a 20-fold molar excess of nitroethane (2b) with Amberlyst A21 R and without any other solvent and obtained 3b with 39 % yield and a 1 : 1 molar ratio of the erythro-and threo-isomers. With the employment of Amberlyst A21 R under neat conditions we obtained the product 3b with a yield of 79 % and a 9 : 1 ratio of the threo : erythro isomers (de = 80 %). Both isomers can be distinguished by the vicinal coupling constants of the α-O-CH X doublet, but since there are three groups capable of forming hydrogen bonds which can affect the conformation, the simple relation 3 J anti > 3 J syn is not necessarily diagnostic [18] .
Scheme 2. Nitroaldol reaction of pyridine-2-carbaldehyde 1 with the β -nitroalcohols 3a and 3b. Hence, the assignment of NMR data was made according to the method of Roush and coworkers, who studied the ABX patterns of a vast number of substituted β -hydroxy ketones [19] . They showed that internal hydrogen bonds affect the conformation to a significant extent. Consequently, the larger coupling constant can be assigned to the threo isomer ( 3 J = 7 2 Hz), while the smaller coupling constant belongs to the erythro isomer ( 3 J = 4.0 Hz). These findings were confirmed by selective NOE experiments. Slow evaporation of a chloroform solution yielded crystals suitable for X-ray structure analysis in form of the hydrochloride of 3b (Fig. 2) . In the solid state the components of 3b·HCl form hydrogen bonds Cl··· HN and OH···Cl and are arranged along a 2-fold screw axis.
In the crystal of the β -nitroalcohols 3a and 3b, hydrogen bonds between the OH moiety and the pyridyl nitrogen atom were found which induce an arrangement of the molecules around a 2-fold screw axis. However, NMR investigations in chloroform solution revealed that hydrogen bond interactions between the OH moiety and the nitro group determine the conformation. In solution, the pyridyl nitrogen atom is not or only to a minor extent involved in hydrogen bonding.
This was shown for 3b by selective NOE experiments. Irradiation at the NMR frequency of the methyl group resulted in a NOE for the pyridyl protons 1-H and 4-H (Scheme 1). This indicates a free rotation of the pyridyl group and hence no or only weak hydrogen bond interactions.
The proton adjacent to the nitro group of compounds 3a and 3b remains acidic allowing further reactions. The selected reaction pathway contains a second nitroaldol reaction step at this position (Scheme 2). This again was achieved with 1 as the substrate, and the conditions for this reaction were investigated. The distinct advantage of using the same aldehyde is of course the formation of a symmetric molecule with a smaller number of possible diastereomers. The reaction was conducted with Amberlyst A21 R as the catalyst under neat conditions. However, low yields of the diol 4a were also found with Syntal 696 R after several weeks. During the reaction a colorless precipitate was formed, which was separated either by washing of the products 4a and 4b through a porous frit and retaining the catalyst beads (useful for small amounts up to 3 g) or by separation of the dry powder on a sieve with 0.25 mm mesh size.
Both 2-nitro diols 4a and 4b decompose very slowly under atmospheric conditions at r. t., but can be stored for months at −20 • C. It was observed that decomposition of 4a and 4b in solution was the faster the more polar the solvent was. This finding is an indicator for an ionic decomposition pathway. Unfortunately, zinc salts such as zinc chloride or zinc perchlorate were found to catalyze the decomposition and the presence of water was found to play a crucial role.
Slow evaporation of etheral solvents such as diethyl ether or THF yielded crystals suitable for single-crystal X-ray diffraction studies of 4a and 4b. Hydrogen bond interactions between the pyridyl nitrogen atoms and the hydroxyl groups were found in the solid-state structure of 4a and 4b (Figs. 3 and 4) . Four molecules of 4a are arranged around an inversion center via hydrogen bonds and form a globular entity, while molecules 4b are mutually arranged via hydrogen bonding around a two-fold screw axis. The (R,R)-and (S,S)-isomers of 4a are found in the solid state, and the observed inversion symmetry shows that compound 4a crystallized as a racemate. In contrast, the meso-isomer (1R,2r,3S)-4b is found in the solid state of 4b.
A mononuclear zinc(II) chloride complex 5 was obtained when anhydrous zinc chloride was reacted with 4a in anhydrous THF (Scheme 3). Surprisingly, neither the N,O nor the O,O donor sites became occupied by the zinc atom. Instead, the metal ion was found to be coordinated by the two pyridyl nitrogen atoms in a distorted tetrahedral environment, forming an eightmembered ring. Two THF molecules are hydrogen bonded to the hydroxyl groups with an average O··· O distance of 268 pm. The Zn-N bond lengths in 5 are Scheme 3. Reaction of the 2-nitro diol 4a with zinc chloride and formation of its mononuclear complex 5.
equal and within the expected range, but with a large N-Zn-N angle of 115.41 (6) • [17, 20] . The complexes are present as the (R,R)/(S,S)-isomers, and the crystallographic inversion symmetry reveals that the racemate has crystallized. The Cl-Zn-Cl angle is found to be 121.16 (2) • and is comparable with that in several complexes of the type (L 2 )ZnCl 2 listed in Table 1 . Previous investigations of Westerhausen and coworkers showed a linear correlation between the Zn-N bond length and the X-Zn-X angle of tetrahedral complexes of the type L 2 ZnX 2 (with L representing a Lewis base with nitrogen donors and X being any monodentate anionic ligand) [21 -23] . Short Zn-N bond lengths indicate strong Lewis donor acceptor interactions, and as a result small X-Zn-X angles are found. In the present context the ligand can be considered as strong, which is also supported by the stability of the complex against hydrolysis. No decomposition was observed when 5 was stored under atmospheric conditions for several days.
The complex was found to be stable in anhydrous THF as indicated by NMR investigations. An analysis of the vicinal coupling constants of the O 2 NC-H7 proton revealed that no major conformational changes or isomerizations took place. The latter would imply a major change of torsion angles which could be observed by an averaged vicinal coupling constant 3 (H7A-C7-C6-H6A = 70 • and H7A-C7-C8-H8A = 173
• ). (Fig. 5 , H atoms were located by X-ray structure determination). Hypothetical coupling constants (J ) were calculated from these angles using an extended Karplus equation introduced by Haasnoot and coworkers [27] . They empirically parameterized the equation, also taking the relative orientations of the non-H-substituents into account, as well as the contributions of the different electronegativities [28] . With this equation two hypothetical coupling constants were calculated: 3 J (H7A,H6A) = 1.9 Hz (φ = 70 • ) and 3 J (H7A,H8A) = 8.7 Hz (φ = 173 • ). These results are in excellent agreement with the observed coupling constants. As a result, one can assume that the conformation of complex 5 in THF solution is similar to the one in the solid state, and isomerization equilibria can be excluded.
In order to exclude side reactions in the conversion of the nitro group, 4a was protected with the tertbutyldimethylsilyl (TBDMS) protective group. The Table 2 . Comparison of selected NMR data of the compounds 3a, 3b, 4a, 4b, and 5. As a convention for compound 5, 6-H is assigned to the proton with the smaller vicinal coupling constant 3 J. TBDMS group and its Si-O bond are stable against most oxidizing and reducing agents as well as toward basic conditions [29] . Protection of both hydroxyl moieties of 4a was achieved in a concentrated DMF solution with TBDMSCl and an excess of imidazole [30] . Due to the hydrophobic and sterically demanding alkyl groups, aqueous work-up led to precipitation of almost pure product 6 with very good yields (Scheme 4). Two sets of signals are observed in the 1 H NMR as well as in the 13 C NMR spectra of 6. Cross signals between both OCH moieties in the HMBC spectrum revealed the presence of the (R,R) and (S,S) isomers. In contrast to compound 4a, no signals of the mesoisomer were observed in the NMR spectra of 6 because the rotation of the bulky TBDMS groups around C6-C7 and C7-C8 is hindered at r. t. Therefore, two doublets are observed for H6 as well as H8 with coupling constants of 3 J = 2.2 Hz and 3 J = 9.6 Hz. For the central H atom a doublet of doublets is observed with 3 J = 2.0 Hz and 3 J = 9.6 Hz. These findings are in contrast to those of compound 4a where average vicinal coupling constants were observed ( 3 J = 6.0 Hz). The rotation around the O-Si bonds is also hindered at r. t. NMR spectra show distinct signals for all four Sibound methyl groups, whereas each tert-butyl group appears as a distinct singlet. Table 3 gives an overview over selected chemical shifts of the compounds 4a, 6 and 5. No major differences are found. Crystals suitable for single-crystal X-ray diffraction were obtained by slow solvent evaporation from a solution of 6 in methanol. The crystal structure of 6 ( Fig. 6 ) was solved in space group P1, and due to crystallographic inversion symmetry, the compound is a racemate. Bond lengths and angles are within the expected range. The Si1-O1-C6 angle of 131.15 (13) • and the Si2-O2-C8 angle of 126.39 (12) • are typical for alkylsilyl ethers and hint at sp 2 -hybridized oxygen atoms. The same protection condition was applied to 4b. Aqueous work-up and treatment with pentane afforded 3-(tert-butyldimethylsilyloxy)-2-methyl-2-nitro-1,3-di(pyridin-2-yl)propan-1-ol (7) as a pentane-insoluble residue with one TBDMS group (Scheme 5).
From the organic phase an oily residue was obtained, which was mainly 2-nitro-1-(pyridin-2-yl)-1-(tert-butyldimethylsilyloxy)propane (8) . This finding indicates that a retroaldol reaction occurred under the applied protection conditions. Due to this fact, the obtained yields of pure 7 were only 30 %. The monoprotected silyl ether 7 exhibits three stereogenic centers and can lead to eight possible stereoisomers (four different pairs of enantiomers). NMR investigations have shown that only one pair of enantiomers was obtained. Only a single set of signals with two chemically different pyridyl groups was observed. Stereochemical assignment is complicated, due to the loss of the propyl backbone's vicinal proton-proton coupling. Furthermore, rotation around the C-C single bonds is not fully hindered at r. t. (as observed for compound 6), thus NOE experiments can only give a rough idea of the obtained isomers. Therefore single-crystal X-ray diffraction was employed to determine the relative configuration of compound 7. Suitable crystals were obtained by slow solvent evaporation of a diethyl ether solution of 7. The obtained colorless crystals were uniform in shape and represented almost the whole dissolved mass of 7. The centrosymmetric space group C2/c with a crystallographic inversion center suggests the presence of a racemate. The relative configuration was determined to be 6S,7S,8R and 6R,7R,8S (numbering according to Scheme 5. This is in agreement with NOE results in solution. It is noteworthy that the conformation in the solid state is affected by an internal hydrogen bond between O1 and N2 ( Fig. 7) with a donor···donor distance of 270 pm.
In order to protect β -nitro alcohol 3b with TBDMS, a similar protection protocol as employed for com- pound 6 was used. Aqueous work-up and extraction with diethyl ether afforded pure 8 as a yellowish oil in moderate yield (Scheme 6).
As already described for compound 3b, the formation of two pairs of enantiomers can be expected. These are (R,S)/(S,R) or erythro and (R,R)/(S,S) or threo, respectively. Both pairs were observed by NMR spectroscopy, and their relative configuration (erythro and threo) was determined. Surprisingly, the two isomers were found with a ratio of 1.5 : 1 erythro : threo (de = 20 %). The excess of erythro-isomer is in contrast to compound 3b where an excess of the threoisomer was observed. Due to the protected hydroxyl group, the aforementioned assumptions according to Roush (vide supra) can not be made [19] . The bulky TBDMS group hinders rotation around the C6-C7 bond as indicated by the observation of two distinct vicinal coupling constants ( 3 J(H X ,H A )) for H X , assigned as 3 J = 2.8 Hz (threo-8) and 3 J = 8.0 Hz (erythro-8).
Conclusions
With the solid catalysts Syntal 696 R and Amberlyst A21 R a modular synthesis of 1,3-dipyridin-2-yl-propane-1,3-diols has been developed. The first step of the nitroaldol reaction proceeded with very good yields and required only a simple work-up. Consecutive reactions of the intermediate products 3a and 3b with pyridine-2-carbaldehyde (1) were not observed under the applied conditions, which then allowed the consecutive assembling of unsymmetrically substituted propane-1,3-diols. For example an introduction of oxygen donor sites through reaction with salicylaldehyde or a fine-tuning by the reaction with substituted pyridines are possible. Isomerization can be prevented with employment of the TBDMS protective group, and 4a was obtained diastereoselectively as (R,R)/(S,S)-isomers with very good yields. Protection of compound 4b led with moderate yields to 7. It is remarkable that by protection of 4b only one pair of enantiomers out of four possible alternatives was obtained, whose relative configuration could be determined by single-crystal X-ray analysis and was shown to be 1S, 2S, 3R and 1R, 2R, 3S, respectively. This observation gives reason to assume that unsymmetrically substituted propane-1,3-diols may also be received diastereoselectively with the described reaction protocol. Moreover, product 7 comprises an NNO donor set and should be applicable as a di-or tridentate ligand. The use of protecting groups also enables the conversion of the nitro group without any significant side reactions. The products can be used as ligands and ligand precursors [31] .
Experimental Section
General remarks. All manipulations were carried out in an argon atmosphere using standard Schlenk techniques. The solvents were dried according to common procedures and distilled under argon. One-dimensional 1 H and 13 C NMR spectra were obtained on a Bruker AC 200 (200 MHz), while two-dimensional spectra were obtained on a Bruker AC 400 (400 MHz) spectrometer. Assignment of NMR data was made on the basis of 1 H, 13 C, DEPT135, HSQC, HMBC, H,H COSY and selective NOE experiments (numbering according to Scheme 2). Mass spectra were obtained on a Finnigan MAT SSQ 710 system. Peaks in the mass spectra were assigned by comparison of the observed isotopic patterns with the calculated ones. The IR spectra were taken as Nujol mulls between KBr windows, as KBr pellets or neat between KBr windows on a Perkin-Elmer System 2000 FTIR instrument. Melting and decomposition points were measured on a Reichert-Jung apparatus type 302102 and are uncorrected.
2-Nitro-1-(pyridin-2-yl)ethanol (3a)
15 g of Amberlyst A21
R was added to a solution of pyridine-2-carbaldehyde (1, 8.61 g, 0.08 mol) in nitromethane (2a, 97.66 g, 1.6 mol). The mixture was stirred for 2 h at r. t. Subsequently, the catalyst beads were removed by filtration, and the filtrate was concentrated to 15 mL on a rotatory evaporator and then left for crystallization at 5 
2-Nitro-1-(pyridin-2-yl)propan-1-ol (3b)
Pyridine-2-carbaldehyde (1, 11.78 g, 0.11 mol) was dissolved in nitroethane (2b, 8.26 g, 0.11 mol) and 18 g of Amberlyst A21
R was added. The temperature of the mixture rose to 63 • C within 5 min, while the catalyst's surface became reddish in color. After vigorous stirring for 1 h the mixture became solid and was suspended in 10 mL of methylene chloride. This suspension was stirred over night at r. t. Subsequently, all solid products were dissolved in methylene chloride, and the solution was separated from the catalyst by filtration. The filtrate was reduced on a rotatory evaporator to a fourth of its original volume and left at −20 • C for crystallization. The obtained solid was washed twice with small amounts of methylene chloride and dried in vacuo at r. t. yielding 30.00 g of the colorless to greenish product 3b. Product 3b was stored in an argon atmosphere at −20 • C. Crystals suitable for single-crystal X-ray diffraction studies were obtained by slow solvent evaporation of a chloroform solution of 3b as the hydrochloride 3b·HCl. 
rac-2-Nitro-1,3-di(pyridin-2-yl)propane-1,3-diol (4a)
Nitroalcohol 3a (13.00 g, 0.08 mol) was dissolved in pyridine-2-carbaldehyde (1, 8.61 g, 0.08 mol), and 13.40 g of Amberlyst A21
R was added, while the internal temperature markedly increased. After stirring for 1 h, 20 mL of methylene chloride was added, and the obtained suspension was stirred over night at r. t. Subsequently, the solids were removed by filtration and carefully dried. Separation of the catalyst beads from product 4a was achieved with a 0. C-2), 124.1 (t, C-12), 95.5 (t, C-7), 72.5 (t, C-8 -2-nitro-1,3-di(pyridin-2-yl)propane-1,3-diol  (4b) Nitroalcohol 3b (12.00 g, 0.07 mol) was dissolved in pyridine-2-carbaldehyde (1, 7.10 g, 0.07 mol), and 9.50 g of Amberlyst A21
rac-2-Methyl
R was added, while the internal temperature markedly increased. Stirring over night afforded a colorless solid, which was suspended in diethyl ether and stirred for additional 3 h at r. t. Subsequently, the solids were removed by filtration and carefully dried. The etheral filtrate was reduced to half of its original volume and left at −20 • C, while further product precipitated. Separation of the catalyst beads was achieved with a 0.25 mm mesh sieve. The combined products were washed twice with small amounts of diethyl ether and dried in vacuo at r. t. yielding 9.92 g of product 4b, which was then stored in an argon atmosphere at −20 • 
[rac-2-Nitro-1,3-di(pyridin-2-yl)propane-1,3-diol dichloro zinc]·2 THF (5)
Compound 4a (150 mg, 0.5 mmol) and anhydrous zinc chloride (126 mg, 0.9 mmol) were dissolved in 3 mL of anhydrous THF in an argon atmosphere. The yellowish solution was stirred over night at r. 63 (m, 1H, 2-H), 6.34 (s, br, HO-(C-8) (8) tert-Butyldimethylsilylchloride (5.99 g, 40 mmol) was suspended in 8 mL of DMF and cooled in an ice bath. Subsequently, solid imidazole (4.85 g, 71 mmol) was carefully added, and the mixture was stirred for 15 min. A freshly prepared solution of nitroalcohol 3b in 10 mL of DMF was added, and the greenish solution was stirred for 20 h at r. t., while the color slowly turned yellow. Subsequently, DMF was removed in vacuo (40 • C). The obtained hygroscopic precipitate was stirred in 50 mL of water for 2 h, while an oil segregated from the aqueous solution. The oil was extracted three times with 10 mL of diethyl ether each, and the phases were separated. Drying of the organic phase over sodium sulfate and removal of the solvent in vacuo afforded product 8 as a yellowish oil with high purity. Yield 59 %.
2-Nitro-1-(pyridin-2-yl)-1-(tert-butyldimethylsilyloxy)propane
threo-8. 4 (p, tert-butyl), 17.9 (q, tert-butyl), 10.5 (p, CH 3 ) Nitro-1,3-di(pyridin-2-yl)-1,3-di(tert-butyldimethylsilyloxy) propane (6) tert-Butyldimethylsilylchloride (24.40 g, 0.16 mol) was suspended in 28 mL of DMF and cooled in an ice bath. Subsequently, solid imidazole (20.00 g, 0.29 mol) was carfully added, and the mixture was stirred for 15 min. To the mixture, a suspension of compound 4a (15.50 g, 0.056 mol) in 30 mL of DMF was added. The brownish solution was stirred for 28 h at r. t., while a colorless solid precipitated. The precipitate was separated by filtration and then stirred for 2 h in 80 mL of water yielding a fluffy colorless solid, which again was filtered off. The DMF filtrate was concentrated at 40 • C and 1 · 10 −2 mbar until a solid precipitated (one third of the original volume). This suspension was stirred for 2 h in 100 mL of water and the obtained fluffy precipitate was collected by filtration. The combined solid products were thoroughly washed with water and dried in vacuo, yielding 23.10 g of the colorless crystalline product 6 which was pure and stored under atmospheric conditions at r. t. Crystals suitable for single-crystal X-ray diffraction were obtained by slow solvent evaporation from a methanol solution. Yield 82 %; m. p. 84 -85 • C. 
rac-2-

3-(tert-Butyldimethylsilyloxy)-2-methyl-2-nitro-1,3-di(pyridin-2-yl)propan-1-ol (7)
tert-Butyldimethylsilylchloride (755 mg, 5.0 mmol) was suspended in 0.8 mL of DMF and cooled in an ice bath. Subsequently, solid imidazole (588 mg, 8.7 mmol) was carefully added, and the mixture was stirred for 15 min. To this mixture, a freshly prepared suspension of compound 4b (500 mg, 1.7 mmol) in 1 mL of DMF was added. The brownish suspension was stirred for 28 h at r. t. Subsequently, the solvent was removed in vacuo at 40 • C and 1 · 10 −2 mbar. The obtained oily residue was stirred in 5 mL of water for 2 h. The aqueous phase was removed with a pipette, and the oily residue was stirred in 5 mL of pentane yielding a colorless precipitate. The precipitate was collected on a filter and dried in vacuo yielding 200 mg of product 7 which is stable under atmospheric conditions at r. 
X-Ray structure determination
The intensity data for the compounds were collected on a Nonius KappaCCD diffractometer using graphitemonochromatized MoK α radiation. Data were corrected for Lorentz and polarization effects but not for absorption [32, 33] . The structures were solved by Direct Methods (SHELXS) [34] and refined by full-matrix least-squares techniques against F o 2 (SHELXL-97) [35] . All non-hydrogen atoms were refined anisotropically [35] . Structure represen- (12) 1182.18 (4) 940.90 (2) 740.37 (4) 2144.97 (9) b, pm 971.28 (7) 890.25 (4) 1222.93 (15) 2197.76 (9) 2104.72 (3) 1327.86 (11) 1925.24 (8) c, pm 1144.61 (6) 1842.18 (8) 1229.90 (16) 1170.01 (5) 1312.68 (2) 1587. 10(14) 1193.83 (6) α, deg 75.045 (7) 114.201 (2) 107.327 (1) 84.549 (5) 116.901 (3) γ, deg 794.34 (9) 2037.40 (15) 1630.1 (3) 2772.69 (19) 2481.57 (7) 1459.91 (19) 4396 tations: XP (Siemens Analytical X-ray Instruments, Inc.). The hydrogen atoms for compound 3a, H1-H4, H6 and H8 of 3b·HCl, and the hydrogen atoms of the hydroxy groups O1, O2 of 4b and 5 were located in difference Fourier syntheses and refined isotropically. All other hydrogen atoms were included at calculated positions with fixed displacement parameters. The quality of the data of 4a is not sufficient to give good R-values but the esd values obtained for bond lengths and angles are good. CCDC 773156 -773162 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
